INTRODUCTION, MOTAVATION AND SCOPE
The ICT sector is growing, changing and dynamic, placing it in a unique position to initiate the oganisational change necessary to reduce energy usage and greenhouse gas emissions. Such changes are reliant on the accurate discovery and recording of ICT activities and the quantification of associated energy usage and emissions. While the literature discusses the impact of ICT emissions (Raju 2013 , Bull 2012 there is a need for a means by which the emissions may be recoded and audited so that their impact my be assessed. The principle objective of this paper is therefore examine the means by which the ICT related emissions of an organisation may be captured and audited.
The ICT industry could account for "approximately 2 to 4 per cent of worldwide carbon emissions" (Carbon Masters, 2013) (O'Neil, 2010, p. 1) (Intel Corporation, 2009) (Fuchs, 2008) , which may seem small in comparison with other sectors such as transportation. However, with the growth in IT, emissions will overtake those of other sectors; "IT is quickly surpassing air transportation in terms of its carbon footprint" (Jenkin, Webster, & McShane, 2011, p. 18) . IT has been suggested as having the potential to reduce global emissions by 15% (Jenkin, Webster, & McShane, 2011, p. 18) . "IT contributions to the sustainability go beyond reducing IT's energy consumption through green IT initiatives" (Dao, Langella, & Carbo, 2011, p. 76) .
The methodology used within this research is to undertake a literature review of the significant body of work that has been undertaken in the areas of sustainability, carbon footprinting, lifecycle analysis and Green ICT. The research reviewed suggests that tools such as carbon calculators can motivate and support decision making toward more sustainable activities.
Recent work in has examined the wider of ICT within Smart Cities (Kramers 2013), society (Sugiyama 2012) and in sustainable development (Mansell 2012) . Such activities may still produce an increase in ICT within organisations in order to support the activities leading to a reduction. The scope of the research discussed within this paper is focused upon recording the carbon footprint of organisational ICT activities.
The conclusions drawn from the literature study will then be applied within the design of a web based auditing tool, known as Greensight. A case study is then presented that demonstrates use of the tool within a University department.
LITERATURE SURVEY
The survey is organised as follows; firstly the concept of sustainability and some of the strategies of its application is discussed, as well as sustainable practices and Green ICT. Further literature related to Life Cycle Assessment (LCA) and Carbon calculators is reviewed to support the definition of the requirements of this project. For a technical description of underlying ICT technologies used to underpin developments discussed in this section the reader is directed to Obaidat 2013.
SUSTAINABILITY
Sustainability is a concept adapted from biology and ecology that is used within the field of economics to explain "the relationship between natural capital and economy" (Vos, 2007, p. 335) (Fuchs, 2008, p. 306) . In 1987, the United Nations defined sustainability as ''… development that meets the needs of the present without compromising the ability of future generations to meet their needs'' (World Commission on Environment and Development., 1987, p. 43) ; binding it to economic growth and development.
The triple-bottom line (TBL) of financial, social and environmental sustainability has been widely adopted for making key strategic decisions (O'Neil, 2010, p. 5) . The move towards sustainability may be driven at a basic level by legislative pressures, but (Stafford, 2011, p. 355 ) point out that, in an educational context, "alumni, faculty, and the communityappear to play a more dominant role in encouraging the adoption of sustainable practices within academic institutions, than they do for corporations.". Literature (Jenkin, Webster, & McShane, 2011 ) (Stafford, 2011, p. 356 ) also recognises the influence of media, socio-cultural forces, beliefs and trends. Promoting an image of sustainability could be an incentive for organisations to attract customers and investors. Such strategies have given birth to campaigns that have public presence, but have little impact on emissions and are often deprecatingly described as "greenwash".
Four types of environmental sustainability strategies have been identified (Jenkin, Webster, & McShane, 2011) according to the impact and amount of change they demand:  Type 0: Image oriented only:
Involves portraying an image of caring about the environment by publicly announcing environmental policies. These policies and practices are not subsequently implemented.  Type 1: Prevent and control eco-efficiency:
Involves making efficient use of natural and organisational resources to reduce negative environmental impacts. This focuses on resource efficiency, waste prevention and control.  Type 2: Product stewardship, eco equity:
Subsumes type 1 strategy and also involves attempts to achieve eco-equity goals (balancing the organisation's and society's short and long term needs for natural resources) by minimizing environmental impacts throughout a product's lifecycle.  Type 3: Sustainable development, ecoeffectiveness: Subsumes type 1 and 2 strategies; involves infusing environmental sustainability considerations throughout all of the organisation's activities and interactions with the goal of stopping environmental degradation altogether.
The concept of environmental sustainability may be applied to Information and Communications Technologies (ICT), From environmentally sustainable ICT perspective, types 1 and 2 make it an organisational objective to reduce ICT power consumption across the organisation. Practical elements of such strategies could include, for example, implementing energy-efficient servers, powering off PC's when not in use, using technology to capture environmental data during product distribution, use and maintenance to inform product design improvements (level 2). Finally a type 3 strategy could utilise ICT as part of a more wide ranging sustainability strategy, a typical example of this might be increased investment in ICT to reduce business travel (through videoconferencing) or the optimisation of logistics networks. The increased investment in ICT to facilitate carbon savings elsewhere is sometimes referred to as Silicon Offsetting.
Media coverage generated through publicising sustainability activities may have positive spin-offs in the form of improved reputational indicators. To date research has not established whether, for example, students might make their choice of University on the basis of its sustainability programme (Stafford, 2011, p. 340 ) although this will probably change in time (Stafford, 2011, p. 345) . However, a university could be part of a network of expertise, which is proven to boost research and progress in sustainable development (Ferrer-Balas, et al., 2008) . It can also increase "an institution's value function directly because sustainable practices are part of the institution's contribution to the public", or "attract higher quality students and faculty" thus boosting its research (Stafford, 2011, p. 340) .
Given that financial resources and size of establishment are key aspects in the adoption of sustainable practices (Stafford, 2011, p. 356) (Jenkin, Webster, & McShane, 2011, p. 22) , developing a programme of investment in sustainable development can be seen as a win-win relationship (Vos, 2007 ). This conclusion is not so different from the argument that adopting TBL can benefit the growth of organisations (Dao, Langella, & Carbo, 2011, p. 65) .
CARBON FOOTPRINTING AND LIFE CYCLE ANALYSIS
Since the Kyoto Protocol of 1998, there has been a need to provide tools that accurately measure environmental impacts. Software based carbon calculators may be used to "forecast and monitor the carbon emission from all we do" (Hasan & Kazlauskas, 2009, p. 147) . The concept of the carbon footprint is not something new, "it has been around for decades-just being called differently, i.e. the result of the life cycle impact category indicator global warming potential (GWP)" (Finkbeiner, 2009, p. 91 ) (Finkbeiner, Carbon footprintingopportunities and threats, 2009, p. 91) . Many researchers in Life Cycle Analysis (LCA) and sustainability tend to look down on Carbon foot printing (CFP) being concerned that some applications of CFP would be oversimplified, and thus lead to counterproductive results. (Finkbeiner, 2009 ) (UNEP/ SETAC Life Cycle Initiative, 2009) (Heijungs, Huppes, & Guinée, 2010) (Garg & Dornfeld, 2008, p. 5 ).
Finkbeiner (Finkbeiner, 2009 ) stresses that if everything were to be blindly assessed on carbon footprint, many valuable steps towards sustainability, such as renewable energy and paper recycling would have to be abandoned. It is therefore useful to have techniques such as Life Cycle Analysis (LCA) which is a quantitative tool for chain analysis. LCA contributes to rational decision-making; its aim is to quantify the potential environmental impacts of products over their full life cycle (Heijungs & Udo de Haes, 2007) . LCA appeared in the early 1970s, initial versions focussed on energy usage of the final product, from which it was calculated its "embodied energy" (Heijungs & Udo de Haes, 2007) .
LCA specialists tend to consider CFP as a way to "get life cycle approaches into organisations and decision making contexts which pure LCA did not reach yet." (Finkbeiner, Carbon footprintingopportunities and threats, 2009 ).
Carbon calculators have been developed by many organisations, including "non-government organisations, commercial companies, government agencies, universities and media groups." (Bottrill, 2007, p. 1) (Nerlich & Koteyko, 2009) . Among the literature reviewed, the unanimous opinion is that carbon calculators are information tools used increase awareness about CO2 emissions, and promote emissions reduction (Padgett, Steinemann, Clarke, & Vandenbergh, 2008, p. 107) (Bottrill, 2007, p . 1) (Mascarelli, 2009) (Garg & Dornfeld, 2008) .To achieve this they should be able to "identify, quantify and monitor greenhouse gas emissions as well as to access meaningful feedback on opportunities to reduce those emissions" (Bottrill, 2007, p. 1) . Carbon Calculators must "meet the specific needs of energy end-users, be they government, organisations, companies, or citizens" (Bottrill, 2007, p. 1) . They should also be consistent in their calculations and present their findings clearly to the user (Padgett, Steinemann, Clarke, & Vandenbergh, 2008, p. 114) .
Enabling people to people to "invest in carbon saving projects to offset their emissions" (Bottrill, 2007, p. 2) is the arguably second function of carbon calculators. Carbon offsets may be used to compensate emissions by identifying a CO2 saving elsewhere (Garg & Dornfeld, 2008, p. 3) . This practice was introduced in the light of the Kyoto Protocol, encouraging large organisations to "buy carbon offsets in order to comply with caps on the total amount of carbon dioxide they are allowed to emit" but it can also be used to encourage voluntarily contributions to carbon saving projects (Garg & Dornfeld, 2008, p. 3) . However "buying offsets is still a fairly new and unregulated practice" (Mascarelli, 2009, p. 155) (Finkbeiner, 2009, p. 91) and some LCA specialists are concerned that it could replace real efforts and initiatives toward emissions reductions (Mascarelli, 2009) . Further concerns from include the general acknowledgment that many calculators lack transparency regarding the calculation methods and exhibit discrepancies between results from the same input (Padgett, Steinemann, Clarke, & Vandenbergh, 2008) (Finkbeiner, 2009) (Bottrill, 2007) (Garg & Dornfeld, 2008) . Three types of data used commonly by carbon calculators are identified by Bottrill (Bottrill, 2007, p. 2)  Building fabric and technology-based  Expenditure based  Quantity based.
The first is used to calculate building energy use, the second is commonly used, although it is unlikely to produce accurate results since it coverts a cost into a quantity and may not take into account the tariff rate charged to the end-user (Bottrill, 2007, p. 16 ) (Padgett, Steinemann, Clarke, & Vandenbergh, 2008) . The third data type is acknowledged to be the most accurate (Bottrill, 2007) (Padgett, Steinemann, Clarke, & Vandenbergh, 2008) (Garg & Dornfeld, 2008) . Most existing carbon calculators focus on the emissions from home energy and travel use. (Bottrill, 2007) (Padgett, Steinemann, Clarke, & Vandenbergh, 2008) Few calculators try to estimate the embodied emissions, as "because of the difficulty in calculating these sources of emissions with any accuracy" (Bottrill, 2007, p. 2 (Bottrill, 2007) . This poses problems since "the accuracy with which carbon emissions are measured is important if people are to be able to benchmark and monitor the changes in their carbon emission profiles over time." (Bottrill, 2007, p. 2) . The CFP and LCA literature reviewed stressed the importance of accuracy of the results to allow monitoring carbon emission over time, and thus evaluating efforts.
SUSTAINABLE PRACTICES & GREEN ICT
Within an organisation, well designed and adapted ICT systems are a source of competitive advantage (Dao, Langella, & Carbo, 2011, p. 65) . Despite this few organisations are engaged in sustainable ICT efforts (Dao, Langella, & Carbo, 2011, p. 65) primarily because of the investment required, but also because of the perception that ICT is not a sector on which to concentrate efforts (Jenkin, Webster, & McShane, 2011, p. 34 ).
Changing to a sustainable IT strategy can contribute to changing peoples' routines and affect their cognition and awareness of sustainability (Dao, Langella, & Carbo, 2011, p. 26) . "The relationship of ICTs and sustainability is not only a question of ethical consumerism, but also one of corporate social and ecological responsibility." (Fuchs, 2008, p. 298) Work in the area of Sustainable ICT has been variously referred to as Green Computing, Green ICT, Green IT and Green Information Systems in previous research. In general terms Sustainable/Green ICT may be regarded as the generic term for environmentally sustainable computing activities. The "Green" moniker is frequently applied within this area however, giving rise to the terms Green IT and Green IS. In general IT is technology focused, including hardware, whilst IS is generally software focused.
Green IT is aimed at issues such as energy consumption and recycling associated with existing organisational IT systems (Jenkin, Webster, & McShane, 2011, p. 18) (O'Neil, 2010, p. 4) (Hasan & Kazlauskas, 2009, p. 147) . Green IT has been described as "a collection of strategic and tactical initiatives that directly reduces the carbon footprint of an organization's computing operation" (O'Neil, 2010, p. 4); but it can also "enable the development of sustainability capabilities that address all three factors of the TBL" (Dao, Langella, & Carbo, 2011, p. 76) Green IS relates to the development of additional Information Systems to support sustainability activities within the organisation. There exists a close link with the concept of Silicon Offsetting mentioned earlier. Green IS has been described as having an indirect, but positive impact on an organisations sustainability objectives (Jenkin, Webster, & McShane, 2011, p. 18) . Some see more potential in Green IS than Green IT, because IS "tackles a much larger problem by recognizing the context of an information system as an ecosystem" (Hasan & Kazlauskas, 2009, p. 147) .
The relative success of Green IT compared to Green IS may be due to the fact it is less expensive to adopt energy efficient hardware than it is to redesign software systems. Potential steps to reducing energy consumption include replacing end of life hardware with energy efficient (e.g. gold EPEAT rated) devices. Other measures include the retention of selected hardware devices for longer periods, but such a replacement policy has its limits, Moore's Law (Moore, 1965) proposes that the computing power of computers doubles every 18 months. Many desktop computers and laptops may have a lifespan as short as 2 to 3 years as individuals and organisations participate in technological progress (Fuchs, 2008, p. 299) . Sustainable development does not imply that technological progress should slow down, but that "the way hardware is manufactured and diffused surely have to change because the low life span of computers is detrimental to reaching ecological goals." (Fuchs, 2008, p. 299) Another approach is to develop information systems that can run on older machines and limit the need to renew infrastructure, "but this would require some steps away from the logic of profitability towards the logic of ecological sustainability" (Fuchs, 2008, p. 299) . For some organisations a viable approach is to implement a sharing scheme to reduce the number of units to less than one per user, this usually relies on the organisation being willing to adopt the concept of "hot desking", and implies a tight secure management of users' privacy (O'Neil, 2010).
Using infrastructure based upon remote, virtualised systems that can use older computers as clients is a cost effective and efficient solution. Cloud computing, can support virtualisation initiatives intended to limit the need for continual renewal of computer equipment, and ensure a longer lifespan, while reducing "operational expenses by decreasing power consumption and hardware acquisition costs." (Jain, Benbunan-Fich, & Mohan, 2011 , p. 28) (O'Neil, 2010 . Little research has focussed on the potential for cloud computing to save energy (Baliga, Ayre, Hinton, & Tucker, 2011, p. 150) . It is important to consider the network traffc and the client side power consumption as well as that of datacenters, used to support cloud computing. The use of a Software as a Service (SaaS) platform can contribute significantly to reduce the power consumption when combined with a low screen refresh (Baliga, Ayre, Hinton, & Tucker, 2011) .
Other less radical steps can be taken in corporations and universities, such as encouraging "more use of digital document readers, digital editing capability (e.g. use tracking and commenting facilities in word processors), and online data collection, store, manipulation and display (e.g. online surveys)." (Hasan & Kazlauskas, 2009, p. 147) . Following the example of banks that have used information systems since the 1960s (Hasan & Kazlauskas, 2009, p. 144) , and are now switching to greener systems, that for instance use online transactions which "replace the need for paper documents and the energy needed to move people to the shop-front" (Hasan & Kazlauskas, 2009, p. 147) , educational institutions tend to use more and more similar systems, such as Web Course Tools, Turnitin, and other internal information systems that limit the use of paper documents, as well as they provide efficiency gains (Berkhout & Hertin, 2001, p. 10) . A typical example of a Green ICT initiative within the education sector is the creation of an energy monitoring app by De Montford University, Leicester, UK (Bull 2012 ). The app is designed to specifically appeal to students and allows the visualization of organizational energy consumption by building.
An often over looked aspect of Green IT is the recycling of unused or unwanted infrastructure (O'Neil, 2010, p. 49) . Best practice helps organisations to identify, and reassign or recycle redundant infrastructure. Ideally organisations should purchase products that can be recycled, and contract licensed organisations to recycle products properly (O'Neil, 2010) (Dao, Langella, & Carbo, 2011, p. 47) . This article will examine Green IT/S, which encompasses both Green IT and Green IS. Both green IT and green IS (IT/S) are meant to help reducing "the organisation's overall carbon footprint, regardless of the type, shape or size of the organisation." (O'Neil, 2010, p. 4) . "IT/S fits within and contributes to corporate environmental agendas" (Jenkin, Webster, & McShane, 2011, p. 35) but it can also contribute to changing people's habits and raise awareness (Jenkin, Webster, & McShane, 2011) (Dao, Langella, & Carbo, 2011) (Fuchs, 2008) (Bottrill, 2007) . But "achieving the organization's espoused Green IT/S strategy depends on the actual behaviours of the employees and the organization." (Jenkin, Webster, & McShane, 2011, p. 26 ) 'The overall ownership of sustainability initiatives" (Jenkin, Webster, & McShane, 2011, p. 34 ) is also a key factor in the success of sustainability programmes such as Green IS.
The organisational impact of Green ICT is examined by Raju et. al. (Raju 2013) . Raju examines the impact of reducing the energy used by communications infrastructure on the organisation at a policy level. The research fundamentally concentrates on networking and communications technology and does not take into account hardware other than the communications infrastructure.
LITERATURE SURVEY CONCLUSIONS
This survey has described sustainability from its first conceptual definitions to Green IT/S strategies, and applications. This survey suggests that Green Information Technologies and Green Information Systems are gaining in prominence. The reasons for adopting sustainable initiatives in, and with, IT are important and efficient have been explored. Green IT/S has been defined and the distinction between the term Green IT, which sees ICT as a contributor of carbon emission throughout the lifespan of a IT hardware and Green IS which "looks positively to ICT as a provider of solutions" (Hasan & Kazlauskas, 2009, p. 147 ) has been explained. Green IT/S interest and coverage has increased recently because of the increase of energy costs and the growing interest in sustainability. Green IT/S faces another challenge, which concerns "how to accurately measure environmental impacts" (Jenkin, Webster, & McShane, 2011, p. 35) .
The survey of previous carbon calculation research introduces some useful recommendations, and emphasises the potential impact of such tools with regard to behavioral change. The notable emission of LCA within carbon calculators is also highlighted. If correctly designed. Green IT/S should contribute to reducing the carbon footprint of the ICT sector, but should also contribute through encouraging and facilitating organisational and personal behavioral change.
THE ANALYSIS AND DESIGN OF AN ICT AUDITING TOOL
This section focuses upon the specification, design and implementation of a software tool designed to support an auditing process that will quantify an organisational ICT carbon footprint. Based on the classifications identified by (Jenkin, Webster, & McShane, 2011) , supporting a strategy of type 1 would be the most appropriate for the recommendations being produced by the process. Type 2 and above would require a longer analysis and would likely imply redesigning the IT and IS systems. The tool, known as GreenSight, will be web-based, this allows its use on the maximum number of platforms (notebook, tablet, desktop etc).
The auditing process consists of an auditor entering the details of hardware found and usage profiles. Identical items of hardware are grouped into hardware profiles, allowing one profile to be established followed by the quantity of hardware items.. Energy consumption data is required for each item of hardware, this requires an external data source. In this implementation AMEE (AMEE UK Ltd., 2011) is used, but the design of the system allows for other sources to be added. A reporting function allows energy usage information to be summarised, a comparison function allows audits to be compared, which may be used to highlight differences after recommendations have been implemented.
REQUIREMENTS ANALYSIS
The literature survey introduced Bottrill's review of 23 carbon calculators (Bottrill, 2007) , focused on personal calculators rather than organisational auditing tools, but identifies factors that contribute to the success of carbon calculators such as:
 Support for the user through the process of learning, understanding and taking actions  The ability to quantify and monitor carbon emissions  Allowing connections with others to share data, information and ideas  An interface and architecture that support easy navigation and access to in depth information on demand.  A high emphasis on presentation and as it affects the user experience Some of the Bottrills' findings (Bottrill, 2007) were confirmed in other studies, such as Smart et. al's (Smart, Armstrong, & Vanclay, 2007) evaluation of a carbon calculator. Their findings point out that the "user satisfaction with a web-based system is not dependent on its usefulness". In the context of their study the perceived ease-of-use (Davis, 1989 ) (DeLone & McLean, 2003 and that overall presentation was a more important factor for the end user. In their review, Padgett et. al. (Padgett, Steinemann, Clarke, & Vandenbergh, 2008) stress the lack of transparency of most carbon calculators, this conclusion is closely akin to Bottrill's. They all expressed concern about the variations in results between calculators and recommend that in order to increase transparency and understanding of the results at least the conversion factor and calculation methods must be available for the user.
The required functionality for the tool was derived from the findings of the literature survey and the review of existing solutions
MUST HAVE
The tool must:  The ability to use data from the AMEE database, at least generic values from computers  The ability to quantify carbon emissions using reliable average values  Several profiles in an Audit  Display footprint for each profile, and for the overall audit  Register and login users  Be able to save the audit online for the logged in user  Be able to show a custom report for each audit  Display the information both graphically and numerically  Be able to sort by product type categories  Be able to print the content of an audit  Be able to export the content of an audit to XML 
SHOULD HAVE

IMPLEMENTATION
The user can supply the tool with the type and quantity of ICT hardware in use and its usage patterns. It is necessary to obtain energy usage statistics to hardware which, when combined with a usage profile, will allow the energy consumption of the hardware to be determined. The choice of AMEE (AMEE UK Ltd., 2011) as the primary data source was made so as to be able to obtain reliable energy use values The data from AMEE is gathered by performing a "drill down" to find the required product or a generic value for a product type.
Among the available data categories two sources were used: the Energy Star dataset (ENERGY STAR, 2011) and the Market Transformation Programme (MTP) dataset from Defra (Defra, 2011) . Energy Star data provides data of products that have achieved the Energy Star qualification. MTP is a similar organisation from the UK government. The data they provide consists in generic values for computing equipment, unlike Energy Star; they give some information concerning the basis of their average. When Energy Star uses Categories from A to D, corresponding to kWh, MTP provides stock average kWh for a specified number of hours (see Table 1 & Table 2 ). The availability of the time factors within the MTP dataset allows that data to be reverse engineered to calculate kWh for any amount of time. This allows the user to enter a specific use of their equipment, based on the number of weeks, days per week, and hours on, off and on standby to produce a dynamic estimation of their energy use The MTP dataset provides a set of factors to evaluate the contribution due to standby, which may be applied to the annual stock averaged value. This option was made available to all the equipment for which a specific usage pattern could not be specified (see Table 3 ). As no official factors were available to calculate the impact of switching, off or putting the computer on standby when calculating the power usage for a specific time use; indicative factors were used to show the impact of behavioural use, and the positive impact of shutting down and putting on standby a computer that is not used. In a future version of the system, such figures should be validated from a testing protocol, or generated from a client running on a computer. The Energy Star dataset was utilised to provide a quick estimation of their computing equipment based on a standard use. This enabled the prototype to fulfil the recommendation to have "different level of sophistication" stated in Bottrill's report (Bottrill, 2007) .
Desktops & similar kWh/Year
On
The platform will be composed of Apache (The Apache Software Foundation, 2011), MySQL (Oracle, 2011) & PHP (The PHP Group, 2011). PHP was utilised for the majority of the server-side scripting for ease of connection to the AMEE API.
Client side implementation (including most of the CO2 calculations) is carried out within a web browser using JavaScript enhanced with JQuery. Three types of devices in the computing equipment from the MTP (Defra, 2011) dataset were well enough documented (see Table 2 , page 8) to allow reverse engineering the kWh per year figure returned by AMEE databse. Based on the input of weeks used per year, days used per weeks and hours on, off and on standby, a new, custom kWh per year figure is calculated. The tool constructed allows the inputting of hardware artefacts and their usage profiles. This is achieved via a web based interface. Where possible AMEE is used to provide emissions/energy usage figures.
CASE STUDY: ICT AUDIT PROCESS AND FINDINGS
The test audit was conducted in Edinburgh Napier University School of Computing, and the associated Institute for Informatics and Digital Innovation, which contains over 1000 students (Edinburgh Napier University, 2011) and 70 staff members. Accomodation comprises approximately 36 staff offices which each contains one or two personal computers and six student laboritories that each contain between 24 and 51 personal computers (two of them are equipped with Apple Products, the rest with Windows PCs). Also included were a number of equipment rooms containing servers and communications equipment.. These labs are similar to open plan office space found in many organisations. Other ICT related equipment noted included WiFi access points, servers, switches and tablet PCs. The usage profile of the equipment was based on the operating hours of each room, an average was calculated to estimate the use of the PCs, printers and monitors. No data was available to reverse engineer the kWh per year of other equipment than the three mentioned above, so the stock-average values provided by the MTP (Defra, 2011) were used instead.
The 36 staff offices audited typically contained only one or two members of staff each, unlike the lab spaces, computers contained therein are allocated to specific individuals. To estimate power usage it was necessary to ascertain the working patterns of the individual member of staff. It should be noted that in some organisations the collection and storage of such data may give rise to data protection issues.
AUDIT RESULTS
A broad conclusion on the audit would be that the current computing equipment is compliant with most energy efficiency standards, but that available energy-saving technologies are not exploited enough. Therefore there is no need to renew the computing equipment but new policies should be enforced to reduce the power usage when the computers are not used. This would increase their lifespan and reduce their carbon footprint without affecting the comfort of the users.
Recent research has shown that "significant energy savings can be achieved by using low-end laptops for routine tasks and cloud processing services for computationally intensive tasks, instead of a midrange or high-end PC, provided the number of computationally intensive tasks is small" and that the impact of "transport with a private cloud processing service is negligibly small." (Baliga, Ayre, Hinton, & Tucker, 2011, p. 165) . As a consequence, the replacement of the current machines could be planned from now by preparing services in the actual servers, and in time, replacing the current Desktops with laptops. The flexibility gained would also reduce the frequency of remote access required by the staff, as the laptops can store data, and can be used outside of the campus.
Many users reported that they use their Desktop computer as a server, or at least need to access it from home using a VPN. For this reason they never switch off their computer, sometime even during holidays. However, most of the same users do switch off their monitor(s) when they leave the university.
The finding that a large number of PCs are left on is not specific to the organisation audited. This is a common phenomenon, for instance the University Of Leeds published a report describing the same use (University of Leeds, 2011) . Aware of the fact that relying on staff member to responsibly switch off or put their computer to standby, Leeds University enforced new software-supported policies. Information produced by the system reveals that the footprint of a particular administration area contained within the audit could be halved, simply by switching off computers and printers at night, and putting them to standby when not in use.
Since many users mentioned the need to access their computer remotely, but only from time to time, a solution should be deployed to allow the machine to standby: for instance using the S3 Sleeping State. As stated in the ACPI specifications, "the S3 sleeping state is a low wake latency sleeping state where all system context is lost except system memory. CPU, cache, and chip set context are lost in this state. Hardware maintains memory context and restores some CPU and L2 configuration context. Control starts from the processor's reset vector after the wake event." There are numerous advantages to use the S3 sleeping state; first as explain above, it reduces drastically the power use from the machine to 1 to 3 W (O'Neil, 2010, p. 74), but its main advantage is the low wake latency, mentioned in its definition. This means that unlike S4 and S5 sleeping states, the users can resume access to the computer with little delay.
The setting of monitors to standby after a period of time could also make considerable energy savings. Most staff members audited reported that their monitor did not go to sleep automatically, and that they had to switch it off manually. However, the current hardware and operating system (Microsoft Windows 7) used in the staff offices does support such policy. Setting the monitor to standby after 15mn of inactivity is recommended at it could save several hours of consumption every week. Printers, whether shared to not, are often reported to be left on all the time. Users should be encouraged to switch them off over the weekends, during long breaks, and if possible, overnight. The last option might not suit all users as some users reported that they use them remotely, for instance, to print large number of pages in advance. In this case, ensuring that all printers are compliant with energy efficiency labels such as Energy Star is important. Printers that are not capable to go to standby should be replaced. Very few of them were found on site. And users using them said that they were conscious of the impact of switching them off, and that they do switch them off as often as possible.
In order to be able to audit the server rooms desktop values had to be used, as no data was available for servers. This is a serious limitation but no other alternatives were available with the dataset used. The values used from the MTP dataset were the one of a desktop without monitor, based on the information made available by members of staff responsible for administering the servers. Servers were counted in terms of number of CPU: a single CPU server = 1 Desktop without monitor, a dual CPU server = 2 Desktop without monitor, and so on.
MANAGERIAL IMPLICATIONS
Undertaking an audit such as this has a number of implications at the managerial level. If the audit is sponsored by an area other than ICT management there exists a risk that those within the ICT area will perceive the audit as interference. It is important that a commitment is made to ensure that the audit is being carried out as part of the organisations' sustainability strategy and that information gathered will not be used for other purposes. The authors were aware that some users required reassurance that the data being collected was not being used to monitor working patterns. This will become a significant consideration if automated data collection is implemented to record the usage times of hardware. Management also need to be aware that as well as the costs of undertaking an audit, there are potential costs involved in making improvements as a result of the audit. If the audit is to contribute to a strategy that is anything other than a type 0 strategy (Jenkin, Webster, & McShane, 2011) actions will have to be taken on the basis of results. The results may not just produce issues that may be solved by altering purchase patterns, they may require definite changes to how the organisation uses ICT. For instance users may have to keep hardware for longer, they may have to accept the running of applications in a Cloud rather than on desktop hardware and they may have to accept the use of shared hardware such workstations. All of these issues not only require changes to working practices, but require time and commitment from manangers in order to implement them.
EVALUATION OF THE AUDIT PROCESS AND TOOL
The main challenge when undertaking the audit was to determine the usage profile of computing equipment over time. Within this, networking equipment proved to be a serious problem. As no data was available in any dataset, most switches and routers had to be excluded from the audit. The absence of data on those devices is a serious problem, such equipment is often always on and is therefore responsible for a large carbon footprint, and research have already been published to reduce the emissions related to the activity of such equipment (Baliga, Ayre, Hinton, & Tucker, 2011 ).
An unexpected finding of the audit was that different parties manage the ICT equipment within the area under audit. This complicated contacting those responsible for their management. It also revealed that different policies were applied regarding the standby and shutdown of computers The prototype auditing tool was able to handle almost two hundred profiles corresponding to more than two hundred different types of equipment. The requirement for almost 200 profiles in such a small environment is significant and suggests that audits within larger organisations will require considerable effort, The report produced also pointed out that the energy policies regarding computing equipment could be improved.
The advantage of using the MTP dataset is that it provides an indication of the trends of time use and an estimate of the power usage and carbon footprint in a very short time, as explained earlier. Based on the results, policies can be developed or changed to focus efforts toward reducing the carbon footprint where them can be the most efficient. A much longer time period should be considered in order to accurately measure the power use of all the computing equipment in the School of Computing, and this would imply measuring the actual power consumption of the equipment separately.
The lack of sufficient data to undertake LCA analysis is a significant omission. With such data it would be possible to identify those items of hardware which should be replaced, on the basis of current, past and manufacturing emissions.
Most of the personal computers in the area being audited are manufactured by HP, Dell or Apple. These three manufacturers are in the top 5 of the Greenpeace Guide to Greener Electronics (Greenpeace, 2011) 
CONCLUSIONS AND FUTURE WORK
FUTURE WORK
The Greensight tool, as presented may be developed in a number of ways. The need to increase and improve the sources of data used in the audit is crucial. The case-study highlighted the usefulness of being able to get reliable power consumption data in seconds without having to measure power usage of all the equipment in use. In some situations a value from a dataset will be enough, but in others, it will be necessary to get data from a measurement device.. Many affordable power measurement devices are on the market, although the accuracy of such devices varies from basic energy meters to those capable of calculating carbon footprints independently (Belkin International, Inc., 2011) or to communicate real time power usage on a network to information systems such as Pachube (Pachube, a LogMeIn company, 2011) .
There is a need to establish of accurate values for energy consumption when equipment is in "standby" mode. A first step will be to establish generic factors for equipment in the categories available, this should then be extended to more categories and refined in time. Using the data provided by Energy Star (ENERGY STAR, 2011) the factors could be calculated without measurements simply using the data available in their spreadsheets. This would provide detailed, accurate and specific figures to each model. For other devices and equipment, protocols and tool specification for taking measurements will need to be established. Several options could be possible, depending on time and liberty available on site.
The initial phase of collating an inventory of equipment could be automated by interrogating existing network infrastructure records (e.g. using DHCP data to populate a list of networked devices). The audit process would be further enhanced by tailoring the GUI of the software to use tablet computers or other mobile devices. The collection of data in order to build a profile of when a is in use, on standby or off could be automated using a software client on each machine to record when the status changes. Such data could be collated and used to produce accurate energy consumption profiles. The collation of such data, recording detailed observations should be approached with caution. Many users may object to having their activities recorded in this manner, not least because of a risk of employers attempting to use such data as evidence of productivity.
Automating the gathering of information would facilitate an increase in the accuracy of equipment usage profiles. Client software running on the equipment could also, potentially, note the use of external resources which have a energy or carbon implication, such as printers or web servers. One area for investigation, is whether such a client should monitor the carbon footprint of a specific system user (through their interactions with the ICT system) or whether it should monitor the energy usage of a specific component within the system regardless of the user. This issue has significant implications in terms of organisational management.
The ability to continually audit the carbon footprint over time has not been addressed thoroughly in the prototype tool due to the complexity of such system. The prototype auditing tool only gives the opportunity to compare and contrast changes between two audits. This is just a first step; functionality to enable continuous monitoring over time should be added in the future. Continuous monitoring would provide an invaluable help to understand the behavioural aspects of computer use and help highlight where changes can be made to reduce carbon footprints. A first stage would be to calculate a baseline based upon average or acceptable use of equipment and compare it with subsequent readings. . Such functionality could be expanded to all steps of the audit, from the individual input of equipment to the creation of reports and charts.
LCA has been discussed within this article as it is one of the most accurate approaches to estimating carbon footprints. As stated LCA requires significantly more time than a simple estimation of the power usage related footprint. As part of a procurement process an organisation should obtain information regarding the embedded emissions for a potential purchase and those associated with its disposal. This information could be added to the estimated footprint of the activity of the product and if possible, the footprint of recycling it, to estimate the life cycle footprint of the product. The use of such data would allow the tool to make recommendations for the purchasing of new hardware and the retirement of current hardware, so as to optimise emissions (both current and embedded as identified through LCA).
CONCLUSIONS
Few solutions exist to perform the auditing tool of an ICT carbon footprint in organisations, and those that do are implemented using spreadsheets (Clean AirCool Planet, 2011) (Carbolibrium Ltd., 2011) . Webbased carbon calculators are mostly focused on household and transport, and few of them provide accurate information. The problem of transparency, discussed in the literature review, was partly addressed by the prototype, through extensive communication of the source and factors used, the problem of accuracy remains for now on the current platform, given the datasets used. Solutions have been proposed earlier to solve that. The scope of data available is a severe limitation in terms of carrying out such an audit, for instance no verified factors could be found to accurately measure the effect of standby and shutdown on power consumption and carbon footprint. The results provided were useful to understand the impact of managing the power usage of computing equipment, but seriously diminish the credibility of the results in term of accuracy.
Recent research related to green computing recognises the need for ICT to pay more attention to its energy consumption. Although most major manufacturers and data centre providers are aware of this need and are acting to various extents to reduce their emissions, research has also revealed that few solutions are available to smaller organisations. And yet the findings of this research confirmed there is much room for improvement in this sector, and that there is a demand for services to help companies to reduce their spending and emissions. The case study audit performed in Edinburgh Napier University has highlighted issues, and helped develop new policies to reduce the energy consumption and carbon footprint of ICT equipment, at a negligible cost and without replacing any equipment out width normal replacement cycles. Further efforts have also been discussed to reduce even more the emissions related to computing equipment, by optimising network infrastructures and making the right choices of equipment and information system model.
The importance of communication in the context of a carbon reduction effort is just as important as the policies and actions themselves. To reach the maximum of stakeholders within an organisation, an awareness campaign should be conducted, Such a campaign should serve to increase the number of people influenced by such campaign, and may contribute to trigger personal reflection, potentially motivating individuals to buy-in to the commitment to reduce carbon. Such a publicity campaign should make people react as discussed in (Jenkin, Webster, & McShane, 2011) (Dao, Langella, & Carbo, 2011 ) (Fuchs, 2008) (Bottrill, 2007) as it acts on all aspects of the TBL (Dao, Langella, & Carbo, 2011 , p. 76) (O'Neil, 2010 . The publishing of carbon footprint data online allows comparisons could be carried out within the organisation (e.g. comparing users or departments) or externally between entire organisations.
Some indication of potential impact of Greensight and similar research on business may be gained from Mann 2013, which highlights the need for ICT emissions reduction with reference to Greensight in the business section National UK newspaper. Greensight is amongst the first tools that attempt to record and quantify ICT emissions within an organization.
This article has presented a review of the state of the art in Green IT/S, it has also presented an overview of a system for auditing ICT systems. The principle conclusion of the authors is the requirement for further software based tools to allow more accurate tracking of resource usage within ICT systems, such as the monitoring of power events in desktop computers, use of printers and network traffic. Such data can be gathered automatically, but there remains major challenges in presenting the data in a meaningful format both to individual users and corporately.
